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Non biodegradable materials like heavy metals, refractory organics are 
not removed during the conventional treatment process. In order to meet the 
regulatory standards and for safe disposal, it is necessary to go for tertiary 
treatment. Various tertiary treatment methods include adsorption, membrane 
separation process, ultra filtration, reverse osmosis etc. Adsorption has been 
found to be efficient for the removal of most of heavy metals in waste water at 
lower concentrations. Activated carbon is commonly used adsorbents, 
however, due to its high cost and loss in regeneration, various low cost 
adsorbents have been investigated during recent years. 
The aim of the present work is to explore the possibility of utilizing 
carbon slurry, which is produced during partial oxidation of hydrocarbons,for 
the treatment of industrial waste water. In the present work carbon slurry has 
been used for the treatment of heavy metals like Cr(vi), Ni(ii), Zn(ii) which are 
present in fertilizer plant waste water. Carbon slurry has also been used for 
treatment of three industrial waste effluents from phenol formaldehyde resin, 
polyester plant and sugar industry. 
Proximate analysis, chemical analysis, particle size analysis, surface 
area determination, XRD and SEM studies were conducted for characterizing 
the carbon slurry. Batch studies were conducted to see the effect of contact 
time, adsorbent dose and initial concentration on removal of Cr(vi),Ni(ii) and 
Zn(ii). Equilibrium data were fitted in Langmuir and Freundlich isotherms. 
Removal to the extent of 90% was achieved for Cr(VI), and 85% for Ni(II) and 
iii 
Zn(II) using carbon slurry as adsorbent. Hence carbon slurry has good 
adsorptive capacity for Cr(vi), Ni(ii) and Zn(ii).Kinetics of removal has also 
been presented, which shows that removal follows first order kinetics. Weber 
and Morris plot show that intra particle diffusion is the rate controlling step. 
Some studies on the competitive • adsorption of heavy metals 
(Cr(vi),Ni(II) and Zn(II)) in multi cationic solutions have been carried out.lt is 
found that chromium is readily adsorbed in comparison to nickel and zinc in a 
waste water containing all three. Experiments were carried out for the removal 
of COD of waste water from polyester industry waste, phenol formaldehyde 
resin plant and sugar mill effluent and results show that carbon slurry is 
suitable substitute for activated carbon. Adsorption of Cr, Ni, Zn was found in 
the order Cr>Zn>Ni. 
iv 
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Environmental degradation has become one of the major concern 
during recent years due to industrial and unplanned urbanization. It has been 
increasingly noticeable, the growing awareness of public in general and 
particularly of enterpreneurs, concerning the condition that have a negative 
impact over the environment, water quality being one of their main 
consideration. The deterioration of water quality started with industrialization 
and worsened with, owing to expansion of industry, growing scarcity of water 
resources and ever increasing demand for domestic and industrial processes. 
Untreated discharges from industrial activities and urban agglomerates into 
water bodies are the main sources of both punitively and qualitatively. 
Sources of water are limited and, therefore, treatment and reuse of 
utilized wastewater seems to be the ultimate solution to the problem. In that 
order, choice of a particular treatment process should be made with 
appropriate consideration of available capital and operating cost, land 
requirement and other specific needs of the process. The various wastewater 
treatment techniques include primary treatment like screening, grit removal, 
primary sedimentation, floatation and flow equalization, secondary treatment, 
like biological treatment, activated sludge process and then finally tertiary 
treatment which include adsorption, membrane separation, ultrafiltration, 
reverse osmosis, coagulation and precipitation, biological treatment using 
special microbes, etc. 	Industrial effluents may contain acids, alkalies, 
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undesirable chlorides, phenols, sulphates, etc. and salts of metals such as 
iron, mercury, lead, chromium, cadmium, nickel, magnesium, manganese, 
etc. Precipitation of pollution species as sulfides, hydroxides, etc., is the most 
common method used for their removal from waste water. But major problem 
associated with this type of treatment is sludge disposal. Ion exchange as a 
tool of wastewater treatment has also been reported. Though, it does not 
pose a significant sludge disposal problem, it is an expensive treatment 
technique. Moreover, this technique is not selective for a variety of species 
and has the disadvantage of having a rather critical flow rate necessary for 
efficient removal. 
Adsorption is well organised as a unit operation for the removal of 
pollutants present in trace amount in wastewater which otherwise cannot be 
removed efficiently by other conventional methods. Almost complete removal 
of impurities with negligible side effects explains its wide applications in 
tertiary treatment and pollution stages. Large number of adsorbents are 
available which can be utilised for the removal of heavy metals. Use of 
activated carbon for wastewater renovation has been popular in more 
advanced countries, but high cost limits its application to the developing 
countries, Moreover, about 10 to 15% of its mass .is lost during conventional 
regeneration process. It has also been observed that the regenerated carbon 
has a comparatively lower adsorption capacity. Due to this discrepancy with 
activated carbon, search for an alternative continues. Therefore, the 
prospects of a number of waste materials as substitutes for the otherwise 
costly activated carbon for the wastewater treatment has been investigated 
extensively. Recently, low cost materials have received considerable attention 
for use as adsorbents like caol fly ash, bottom ash, bagasse fly ash, peat, 
wood, carbon slurry, sunflower stalks, peat mass, modified coal, etc. for 
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removal of organic refractories, heavy metal, colour, dyes, etc. A critical 
review of this has been presented by Mall et al. (1996) and Bailey et al (1998). 
Main objective of the various researchers have been to provide a potentially 
viable substitute for activated carbon. 
Here the use of carbon slurry is investigated in treatment of industrial 
waste water as a substitute for expensive activated carbon. About 1.45 kg 
carbon slurry per ton of ammonia is produced. Carbon slurry is dumped as 
waste in fertilizer plants. However, looking at the characteristics of the carbon 
slurry, there is wide scope for using it as adsorbent. Some work has been 
done on activated carbon for removal of organic compounds, heavy metals, 
colour, dyes, etc. in synthetic wastewater. However, no work has been done 
for its application for treatment of actual waste. No work has been done for 
use of carbon slurry for treatment of industrial waste. In the present - work, 
carbon slurry has been used for treatment of industrial wastes, like polyester 
industry effluents and phenol formaldehyde resin plant effluents. Heavy 
metals like chromium, nickel, arsenic are present in fertilizer plant waste. A 
special attention has been paid to the studies for removal of these metals 
from wastewater in the present work. 
1.2 CARBON SLURRY 
In India, ammonia plants of fertilizer industry, operating .on the process 
of partial oxidation of hydrocarbons generate fine carbon particles, which 
when scrubbed from gas stream produce aqueous carbon slurry (CS) 
containing 2-3% carbon. It is estimated that production of carbon slurry is 
about 1.45 kg/tonne ammonia produced. This slurry creates disposal problem. 
It is a very efficient non-conventional adsorbent having adsorptive surface 
area in the range of 300-400 m2/g. Efforts have been made to convert this 
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slurry into a dried carbon slurry from National Fertilizer Ltd. (NFL), Panipat, 
India has collected and is used without any pretreatment. 
1.3 TYPICAL EFFLUENTS FROM INDUSTRIES 
Industries are producing tremendous amount of waste round the clock 
all through the years. The industrial waste may be degradable, non-
degradable (conservative) and biologically accumulative (persistent). This 
waste is creating problem and is of varied nature thereby creating problem in 
treating them before discharge. This ultimately leads to an increase in 
treatment cost. Present work deals with waste from effluents from phenol, 
polyester and sugar industry and synthetic waste for heavy metals containing 
Cr(VI), Ni(II) and Zn(lI). These metals are present predominantly in 
wastewater from fertilizer industry and electroplating industry and are of 
hazardous nature. The wastes from these industries have significantly high 
COD. Some experiments were carried out for studying the effect of adsorption 
using carbon slurry as adsorbents on chemical oxygen demand (COD) of 
wastewater. 
1.4 OBJECTIVES OF PRESENT STUDY 
Present study has been taken with objective to investigate the 
suitability of utilization of carbon slurry, a waste from fertilizer plants, as 
adsorbent for the treatment of industrial wastewater, for removal of non-
biodegradable materials and trace metals. Various parameters affecting 
adsorption were presented. Kinetics of removal and adsorption isotherm data 
for evaluation of adsorption capacity were presented. 
The experimental work consists of 
• Characterization of adsorbent 
• Proximate analysis 
4 
• Chemical analysis 
• X-ray Diffraction (XRD) and Scanning Electron Microscopy (SEM) 
studies 
• Particle size analysis 
• Characterization of industrial wastewater 
• Characterization of wastewater from phenol formaldehyde plants 
• Characterization of wastewater from polyester industry 
• Characterization of wastewater from sugar mills 
Various parameters like pH, turbidity, total solids, dissolved solids and 
suspended solids, dissolved oxygen (DO), COD, BOD5, oil and grease, 
chlorides and phenols are determined for these wastes. 
• Batch experiments to study 
• The effect of initial concentration 
• The effect of contact time 
• The effect of adsorbent dose 
• Equilibrium studies for adsorption equilibrium isotherm (Freundlich and 
Langmuir) 
• Competitive adsorption of Cr(V)), Ni(II) and Zn(ll), for multi cationic 
solution. 
• Kinetics of removal 
• Effect of adsorption by carbon slurry on COD of different industrial wastes. 
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Chapter 2 
CARBON SLURRY: A WASTE FROM 
FERTILIZER PLANT 
2.1 GENERAL 
In this investigation we have used carbon slurry, a waste from fertilizer 
plant as an adsorbent for the removal of heavy metals viz. Cr(VI), Ni(II) and 
Zn(II). Present chapter lines complete details regarding the process 
generation of carbon slurry from fertilizer plants. 
2.2 GENERATION OF CARBON SLURRY FROM FERTILIZER PLANT 
Carbon slurry is a waste product generated during partial oxidation of 
hydrocarbons during manufacturing of ammonia. In fertilizer plants during 
partial oxidation of heavy fuel oils, the fine carbon particles produced in the 
reaction are scrubbed from the gas stream and aqueous carbon slurry (CS) 
containing 2-3 percent carbon is produced. It is estimated that production of 
CS is about 1.45 kg per tonne of ammonia produced. It is a very efficient non-
conventional adsorbent having adsorptive surface area. in the range of 
300-400 m2/g. 
As an alternative use this carbon can be processed with oil and 
carbon- oil slurry. can .be returned to the gasification: reactor along with Other 
fuel or burned in a boiler. Other process of separating carbon may be either 
by pelleting or by the use of specially designed continuously operating 
vacuum filters in the latter, carbon is recovered in, commercially usable form. 
This process also recovers water, which is used again in making carbon 
slurry. Efforts have been made to convert the waste slurry into a cheap 
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carbonaceous adsorbent material (Srivastava et al., 1989). Here naturally 
dried carbon slurry from National Fertilizer Limited (NFL), Panipat, India was 
collected and is used without any pretreatment. 
2.2.1 Thermal Decomposition 
The thermal decomposition of hydrocarbons appears as a side reaction 
in the processes of controlled oxidation with oxygen and water reforming, the 
only ones commercialized at present. Many different feed stocks are 
employed: natural gas (methane, ethane, propane etc.), petroleum cuts 
(Liquefied Petroleum Gas: LPG, naphtha, fuel oil, vacuum residues, 
asphalt etc.). 
Depending on the specific case (catalytic or other process), the 
previous removal of certain impurities may or may not be necessary: sulfur 
derivatives. Mercury, other metals. Furthermore, they yield effluents of 
variable compositions, which must be treated to improve the total yield of the 
operation. Figure 2.1 provides a glance of the succession of treatment which 
accompanies the two basic industrial processes used for the manufacture of 
hydrogen: 
(a) Partial oxidation. 
(b) Steam reforming. 
The following operations are carried out: 
(a) Conversion of CO with steam (shift conversion). 
(b) Extraction of acid gases CO2 and H2S, supplemented in the case 
of sulfur containing effluents by different units designed to 
prevent pollutant release in to the atmosphere. 
(c) Final purification designed to eliminate the last farces of CO. 
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Depending on the flow sheet concerned, the pretreatment comprise: 
(a) For steam reforming: desulphurization essentially intended to 
protect the catalyst. 
(b) For partial oxidation with oxygen: air distillation. 
2.2.2 Partial Oxidation 
This type of process can theoretically be used to treat any gaseous, 
liquid or solid feed. In practice, however, it is reserved for the conversion of 
cheapest raw materials such as heavy hydrocarbons (especially fuel oil), and 
possibly, petroleum residues (asphalt), coal and biomass (wood). In this case, 
moreover, the conversion is usually called "gasification" 
2.2.3 Thermodynamic and kinetic aspects of the reaction. 
The chemical mechanism involved in the controlled oxidation of 
hydrocarbons is extremely complex. a simplified interpretation can 
nevertheless be provided by considering • methane. The following 
transformations are considered in this case: 
(a) Combustion reaction: since it takes place at elevated 
temperature, at which carbon monoxide is one of the main 
products formed, it is convenient for thermodynamics 
calculations to assume the following overall representation due 
to the presence of water formed during combustion or added by 
steam injection 
CH4 + 3/2 02 	CO + 2 H2O 
(b) For carbon monoxide, the following equilibrium must be added: 
CO + H2O 	 CO2 + H2O 
.A hydro carbon decomposition reaction: 
CH4 	 C(g) + 2H2 
The first conversion is exothermic and exentropic: it is virtually 
complete and also serves to reach the temperature required for the operation, 
with the exception of preheating at allow temperature level, takes place 
adiabatically. The second reaction depends on an equilibrium, which shifts in 
the desired direction at low temperature. From a thermodynamic point of view, 
to obtain high hydrogen contents in the effluents produced (raw synthesis 
gas), the operating conditions must guarantee the lowest possible service 
temperature. In practice, this consideration is incompatible with the partial 
oxidation operation, which, due to its exothermicity, creates a high reaction 
temperature (950 to 1250). 
This effect must therefore be corrected by a supplementary catalytic 
conversion of CO, after having cooled the gas obtained. Thus, by excess 
water injection and by lowering the temperature, the conditions reached cause 
the equilibrium to shift the production of hydrogen. 
The third conversion, the decomposition of methane into its elements, 
favored by the high temperature, is the main side reaction. To a certain 
degree, the presence of CO2 and water helps to offset these harmful effects, 
due to the formation of powdery carbon, by means of the following 
equilibrium: 
CO2 + C 	 200 
C + H2O 	 CO + H2 
Available literatures show that avoiding the production of carbon black 
can yield a low methane content in the final gas, which can be adopted by 
adjusting the initial 02/ CH4 ratio. 
In the case of heavier hydrocarbons the basic conversion is the 
following: 
CnHm + (2n+m) 02 	n CO + ( m/2) H2O 
4 
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As the H/C ratio in the field decreases, the tendency to favor the 
production of carbon increases. Since the amount of water formed from by 
combustion becomes insufficient, it is therefore necessary to operate in the 
presence of steam, even at elevated temperature. Thermodynamic calculation 
shows that, at identical temperatures an increase in pressure results in larger 
water requirements and a decrease in oxygen requirement. Simultaneously, 
the residual methane content increases, and raising the temperature can 
offset this Highest carbon content feedstock (residues, coal, and biomass) 
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Fig. 2.1 Processing of carbanous feedstock to produce hydrogen 
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Chapter 3 
INDUSTRIAL WASTE: FERTILIZER PLANT, 
POLYESTER PLANT, PHENOL-FORMALDEHYDE 
PLANT AND SUGAR PLANT 
3.1 GENERAL: 
Mass industrialization, in its wake brings large quantities of industrial 
wastes, which find their way into either the air or natural water bodies, there 
by posing menacing problems for the mankind. Present chapter gives in detail 
about, the waste generated by 
• Fertilizer Industry 
• Sugar Industry 
• Phenol-Formaldehyde Industry, and 
• Polyester Plant 
Further, details regarding sources of heavy metals in the industrial 
waste water are also given. 
The chapter also comprises of relevant environmental standards, 
MINAS, or various effluents and their adverse effects on human being. 
3.2 FERTILIZER INDUSTRY 
Due to production of fertilizer at vary large scale, this industry is very 
much critical with respect to the environmental considerations. The 
characteristics of the wastewater from nitrogenous fertilizer plants are shown 
in Table 3.1.The major pollutants in the wastewater are ammonia, urea, 
carbon slurry, arsenic, chromium and oil. The urea is not toxic to fish and 
aquatic life, but its bacterial decomposition changes it into ammonia. 
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Ammonia is the most toxic to the fish, can be converted to nitrates to deplete 
oxygen resources and lead to eutrofication of water bodies, if the wastewater 
is directly discharged. Several methods are available for the treatment 
ammonia bearing waste e.g., 
(i) Steam stripping, 
(ii) Air stripping , 
(iii) Lagooning after pH adjustment, 
(iv) Cultivation of protein rich algae by utilizing the nitrogenous 
effluents] 
(v) Biological nitrification and denitrification. 
But neither of them is as efficient as adsorption for removal of 
chromium, ammonia, arsenic etc. 
TABLE 3.1: Effluents standards for the fertilizer industry 
(Straight-Nitrogenous Fertilizers excluding the Calcium, Ammonium 






pH 6.5-8.0 6.5-8.0 
Ammonical Nitrogen mg/I 50 75 
Total Kjeldhal Nitrogen mg/I 100 150 
Free Ammonical Nitrogen mg/I 4 4 
Nitrate Nitrogen mg/I 10 10 
Cyanide (as CN) mg/I 0.2 0.2 
Vanadium (as V) mg/I 0.2 0.2 
Arsenic (as As) mg/I 0.2 0.2 
Suspended Solids mg/I 100 100 
Oil and Grease mg/I 10 10 
*Hexavalent Chromium 
(as Cr+6) mg/I 0.1 0.1 
**Total Chromium (as Cr) mg/I 2.0 2.0 
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Straight Nitrogenous Fertilizers including the Calcium, Ammonium 






pH 6.5-8.0 6.5-8.0 
Ammonical Nitrogen mg/I 50 75 
Total Kjeldhal Nitrogen mg/I 100 150 
Free Ammonical Nitrogen mg/I 4 4 
Nitrate Nitrogen mg/I 20 20 
Cyanide (as CN) mg/I 0.2 0.2 
Vanadium (as V) mg/I 0.2 0.2 
Arsenic (as As) mg/I 0.2 0.2 
Suspended Solids mg/I 100 100 
Oil and Grease mg/I 10 10 
*Hexavalent Chromium 
(as Cr+6) mg/I 0.1 0.1 
**Total Chromium (as Cr) mg/I 2.0 2.0 
Straight Nitrogenous Fertilizers excluding the Calcium, Ammonium 






pH 6.5-8.0 6.5-8.0 
Ammonical Nitrogen. mg/1 50 75 
Total Kjeldhal Nitrogen mg/1 100 150 
Free Ammonical Nitrogen mg/I 4 4 
Nitrate Nitrogen mg/I 10 10 
Cyanide (as CN) mg/1 0.2 0.2 
Vanadium (as V) mg/I 0.2 0.2 
Arsenic (as As) mg/1 0.2 0.2 
Phosphate (as P) mg/I 5 5 
Suspended Solids mg/I 100 100 
Oil and Grease mg/I 10 10 
*Hexavalent Chromium 
(as Crf6) mg/I 0.1 0.1 
**Total Chromium (as Cr) mg/1 2.0 2.0 
*To be complied with at the outlet of fluoride removal unit. If the recipient system 
so demands, fluoride as F shall be limited to 1.5 mg/I. 
**To be complied with at the outlet of chromate removal unit. 
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3.3 SUGAR INDUSTRY WASTE 
1-5 tonnes of water/tonne of sugar is utilized in different operations, but 
varies from industry to industry and even operation to operation. An 
appreciable fraction of water is consumed in extraction operations. The other 
operations are filter washing, boiler house operations, crystal washing and 
heat exchangers. The sources of pollution are leakage, spill-overs, 
overloading and indifferent handling during crushing and extraction 
operations, pumping, evaporation, crystallization, molasses storage and 
handling, blow off operations as well as filter washings. Table 3.2 gives typical 
characteristics of combined effluent from sugar industry excluding condenser 
water, while Table 3.2 gives MINAS for it. 
Table 3.2 : characteristics of combined effluents of sugar industry 
Sr. No. Property Concentartion 
1 pH 4.6-7.1 
2 Solids: 
(a) Total, mg/I 870-3500 
(b) Suspended, mg/I 220-800 
(c) Volatile, mg/I 400-2000 
3 BOD5, 20°C, mg/1 300-2000 
4 COD (dichromate method), mg/I 600-4380 
3.4 PHENOL-FORMALDEHYDE INDUSTRY EFFLUENT 
Phenol-formaldehyde resins constitute by far the largest proportion of a 
group of synthetic resins called Phenolic resins, probably the most varied and 
versatile resin we know. In the production process of two step resins the 
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phenol and formaldehyde are placed in the reaction kettle with the catalyst 
(sulphuric acid) and heated 3 to 4 hours at a temperature of 140 to 163° C. 
During condensation, reaction water is eliminated and forms the upper of the 
two layers. This water of the reaction is removed under vacuum without the 
addition of the heat. In the present study, this wastewater which is rich in 
chemical composition is taken for the treatment by carbon slurry. 
3.4.1 Sources of Phenol and it Effects on Living Beings 
Phenols defined as hydroxy derivatives of benzene and its condensed 
nuclei may occur in domestic and industrial wastewater, natural waste and 
potable water supplies. Phenols are among the most common water 
pollutants. Phenols may be present in raw water in owing to the discharge of 
wastewater from coke distillation plants, the petrochemical industry, plastics, 
rubber proofing, disinfectants, pharmaceuticals and numerous other industries 
where phenols serves as intermediates. Various researchers have found 
substantial amount of phenols in environment. Contaminated raw water 
including ground water may contain 1-10 mg of phenol and mono and di-
chloro phenols per liter. Tri and tetrachlorophenols have been detected in raw 
water at levels of 1-10 mg/I and occasionally higher. Phenols can cause bad 
taste and odour in drinking water even at low concentration. A primary 
concern about the presence of phenols in wastewater is their toxic effect on 
aquatic life. Some phenolic compounds have found to accelerate tumor 
formation and to be ciliostatic (Singh and Mishra, -1990). 
3.5 POLYESTER PLANT WASTE 
The common polyester fibre are polymers of the ester formed from 
dimethyl terephthalateTTPA and ethylene glycol. Polymerization is a two-stage 
process in which the monomer is first prepared either by an ester interchange 
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between dimethyl terephthalate and ethylene glycol, or by direct esterification 
of terephthalic acid while the second stage is the polymerization of the 
monomer. The polymer is extruded from the bottom of the polymerizer though 
a slot or holes on to the surface of the surface of water cooled-drums. Acidic 
wastes is discharged after filtration from autoclave reactor. Table 3.3 gives 
MINAS for synthetic Fibre industries. 
Table 3.3: MINAS for synthetic Fibre industries 
Sr. No. Parameter Concentration not to exceed 
(mg/I except pH) 
1 pH 5.5-9 
2 Suspended solids 100 
3 BOD5 30 
4 Zinc 1.0 
3.6 SOURCES OF HEAVY METALS AND THEIR EFFECTS ON HUMAN 
BEINGS 
Heavy metal contamination exists in aqueous waste streams of many 
process industries, metals plating facilities, mining operations and tanneries. 
The soils surrounding many military bases are also contaminated and poised 
a risk of metals groundwater and surface water contamination. Heavy metals 
are not biodegradable and tend to accumulate in living organisms, causing 
various diseases and disorders. Among these, 'Minamata' tragedy due to 
mercury poisoning and 'Itai Itai' disease in Japan due to Cadmium toxicity and 
Arsenic pollution in West Bengal are well known. Here we are discussing only 
Cr(VI), Ni(II) and Zn(II) as they are found predominantly in fertilizer industry 
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waste. These metals ions are found in various industrial waste in significant 
quantity that's why they need special attention. 
3.6.1 Sources of Chromium (VI) and its Effects on Human Beings 
There are numerous sources of industrial effluents leading to chromium 
enrichment of the aquatic environment. Industrial wastewater including those 
from textile, leather tanning, electroplating, pigment and dyes, metallurgical 
and metal finishing contain chromium in high concentration. 
Out of the two predominant forms of chromium, namely trivalent and 
hexavalent later is hazardous to biological activities. A number of health 
hazards due to chromium have been reported in the literature. These include 
malignant growth in respiratory tract, pain less perforation of nasal septum, 
causing ulcers in the mucous membrane, etc. The maximum tolerance of 
chromium has been fixed at 0.05 mg/I and 0.1 mg/I in the drinking (IS 10500-
1983) and inland surface (IS 2490 (Part — I), 1970] water respectively. 
3.6.2 Sources of Nickel(11) and its Effects on Human Beings 
Typical soils contain large quantity of Nickel. Nickel is widely used in 
industry for its resistance to corrosion, high strength over a wide temperature 
range and good alloying properties. It is also used in metal plating for 
catalysts, for batteries and in certain fungicides. 
Dermatitis is recognized to be the common symptom of industrial 
exposure to nickel, although high occupational exposures have been 
associated with renal problems and lung cancer. Women appear to be more 
sensitive than men by a factor of ten. High concentration of nickel can react 
with DNA, and can results damage in DNA. World Health Organization (WHO) 
has suggested that the maximum concentration of Nickel in drinking water 
should be 0.1 mg/l. 
18 
3.6.3 Sources of Zinc(II) and its Effects on Human Beings 
Zinc is abundant element and constitutes approximately 0.04 g/kg of 
the earth's crust. The carbonates, oxides, and sulfides of zinc are sparingly 
soluble in water, while the highly soluble chloride and sulphate salts tend to 
form zinc hydroxide and zinc carbonate, as a result the concentration of zinc 
in natural water is generally low. 
Symptoms of zinc toxicity in human include vomiting, dehydration, 
electrolyte imbalance and abdominal pain. Acute renal failure caused by zinc 
chloride has been reported. Zinc imparts to water an undesirable astringent 
taste, in addition water containing at concentration to excess of 5.0 mg/I may 
appear opalescent to develop a greasy film on boiling. 
3.7 EFFLUENT STANDARDS 
Table 3.4 presents effluent standards as given in Schedule VI of 
Environment (protection) Third Amendment Rules, 1993,Table 3.5 shows 
water requirement and characteristics of some selected industry wastes and 
Fig. 3.1 gives pictorial representation of some health and economic effects 
likely to result from discharge of solids, liquids and gaseous wastes into water. 
Table 3.4: Effluent standards as given in Schedule VI of Environment 
(protection) Third Amendment Rules, 1993 







Marine coastal areas 
1 Colour and 
odor 





100 600 200 a) For process waste 
water 100 
b) For cooling water 






3 Particle size 
of suspended 
solids. 
Shall pass 850 
micron IS 
Sieve. 
a) Floatable solids, 
max. 3mm 
b) Settleable solids 
max. 856 micron. 
4 pH value 5.5 to 9.0 5.5 to 
9.0 
5.5 to 9.0 5.5 to 9.0 





- - Shall not exceed 5bC 
above receiving water 
temperature. 
6 Oil & grease, 
mg/I 
10 20 10 20 
7 Total residual 
chlorine(mg/1) 








5.0 - - 5.0 
10 BOD5at 20°C, 
mg/1 
30 350 100 100 
11 COD, mg/I 250 250 
12 Arsenic (as 
As), mg/I 
0.2 0.2 0.2 0.2 
13 Mercury (as 
Hg), mg/I 
0.01 0.01 - 0.01 
14 Lead ( as Pb), 
mg/I 
0.1 0.1 - 2.0 
15 Cadmium 
(as Cd), mg/I 
2.0 1.0 - 2.0 
16 Chromium 
(VI), mg/I 
0.1 2.0 - 1.0 
17 Total 
chromium 










19 Nickel, mg/I 3.0 3.0 - 5.0 





1.0 5.0 - 5.0 
• These standards shall be applicable for industries, operations or processes other 
than those industries, operations or process for which standards have been 
specified in schedule I. 
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Pollutant in water environment 
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substances in algae, 
aquatic plants and 
irrigated crops. 
Fig. 3.1: Some health and economic effects likely to results from 





A comprehensive review is presented here on studies which had been 
carried out for removal of various pollutant viz. Heavy metals ( Cr, Zn, Ni, Cu, 
Hg etc.), phenolic compounds, dyes and few others organic compounds using 
low cost adsorbent like bagasse fly ash, carbon slurry, sun flower stalks, rice 
husk, blast furnace sludge etc. as well as high cost adsorbent like activated 
carbon. 
Table 4.1 lists several papers relevant to the present investigation 
Table 4.1: Studies on removal of different pollutants from waste water 
using low cost adsorbant 
References Adsorbent Adsorbate / 	. object of study 
Operating 
condition Conclusion 
Allen et al. (1989) Sphagnum peat Astrazone 




Infra-particle diffusion in the peat pore 
structure 	is 	proposed 	as 	a 	mass 
transfer mechanism 
3ailey et al. 
(1999) - - - 
Use of low cost adsorbent have been 
investigated 	as 	a 	replacement 	for 
current costly methods of removing 
heavy metals from solution 
• Naturally 	occurring vermiculate 
can 	be 	used 	as 	a 	low 	cost 
adsorbent for nickel removal from 
solution 	as 	both 	kinetics 	and 
isotherm are highly favorable. 
• Equilibrium 	partitioning 	of Ni 
onto vermiculate can be described 
by the Freundlich Isotherm. 
• Adsorption of Ni is found to be 
appreciable at pH greater than 
4.0. 
• Spent 	vermiculate 	can 	be 
regenerated by acid treatment and 











- - - 
For 	predicting 	BOD 	from 	COD, 
quadratic models are recommended 
for different waste studied and except 
the dairy industry for which, a cubic 
model is recommended. 
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• The maximum adsorption of two 
basic dyes on sunflower stalks are 
very high, i.e., 205 and 317 mg/g 
for Methylene Blue and Basic 
Red-9, respectively 
• Two direct dyes have relatively 
lower 	adsorption 	on 	sunflower 
stalks 
• Within 30 minutes about 80% of 
the basic dyes were removed from 
the solution 
• The pith, which is the soft and 
porous material in the centre of 
stalks, 	has twice the adsorptive 
capacity of the skin. 










• Reasonably 	good 	adsorption 
capacity for these metals ions. 
• Adsorption 	process 	follow 
Langmuir Isotherm & coulambic 
interaction 	between 	sunflower 
stalks & metal ions. 
• Take up rates of Cr(III), Cd(II) 
and Cu(II) were very rapid. 
Gomez-serrano et 
al. (1998) 









• The removal of these metal ions 
can 	be 	greatly 	enhanced 	by 
heating 	the 	activated 	carbon 
either in H2S from 363 K to 1173 
K or first successively in SO2 and 
H2S at room temprature and then 
in N2 573 K. 








Column It was observed that 70 ml of 50% 
w/w NaOH or 50 ml of acetone are 
sufficient 	for 	almost 	complete 
desorption 	of 	phenols. 	After 
regeneration with 	1 	M HNO3, the 
sorption capacity of the column is 
almost 	the 	same as 	that 	of virgin 
adsorbent material. 










• Activated carbon obtained from 
carbon slurry exhibits very good 
adsorption properties. 
• This adsorber can be used in a 
large scale fixed bed adsorber. 
Kapadia et al. 
(2000) 
Flyash Copper Batch 
reactor 
studies 
• Fly ash can effectively adsorb 
copper 	present 	in 	the 	liquid 
effluent at pH around 6.0. 
• Contact period of 1 	hr 	gives 
optimal removal. 
• Adsorption 	involved 	is 	surface 
phenomenon. 
• Flyash treatment raises the pH of 
effluents. 
• No 	change 	in 	chemical 
parameters of effluents. 
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Adsorption capacity of of activated 
carbon increased by 5 times at an 
equilibrium COD concentration of 100 
mg/1 after the anaerobic treatment.the 
capacity is increased by approx. 3o 
times 	at 	the 	above 	equilibrium 
concentration after the 
anaerobic/aerobic treatment. 




Activated carbon can be 	used for 
removal of higher concentration of 
chromi wn but flyash may be better 
adsorbent 	to 	remove 	lower 
concentrations 	of 	chromium 
economically. 













• Thermal 	power 	plant 	ash 	can 
successfully be used as adsorbent 
for paper mill effluent. 
• More 	than 	90% 	removal 
efficiency. 
• All 	the 	used adsorbents 	show 
good performance at high initial 
COD level and high temprature. 
Kumar et al. 
(1987) 
Flyash Phenols Batch 
process 
Satisfactory 	adsorbent 	for 	phenols, 
however the contact times required to 
reach 	equilibrium 	are 	larger 	in 
comparison 	with 	those 	activated 
carbon. 	Fairly steep 	nature of the 
Freundlich isotherm for flyash gives a 
positive indication regarding its use in 
column adsorbers. 
Lopez-delgado et 









• BFS is effective sorbent of these 
meta ions and performs well over 
a wide range of concentration. 
• Langmuir isotherm were better 
fitted 	to 	the 	process 	with 	the 
exception of the adsorption of Cd 
and 	Zn 	which 	also 	showed 
satisfactory 	correlation 	with 
freundlich isotherms. 




Pulp and paper 
mill effluents 
Batch Effective adsorbent for pulp and paper 
mill effluents, shows more than 90% 
removal efficiency. 
Mall et al. (1994) Bagasse fly ash 
and activated 
carbon 
Organic matter Batch Bagasse fly ash is quite comparable to 
activated 	carbon 	in 	its 	adsorptive 
properties and therefore can be good 
substitute of activated carbon for the 
treatment of wastewater from sugar 
Mills. 
Mall et al. (1996) 
- - - 
Critical review of non-conventional 
materials for treatment of industrial 
waste water, it was concluded that 
easily 	available 	and 	economical 
materials can serve as alternates to 
more costly activated carbon/activated 
carbon. 
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Batch On the basis of the investigation, it 
was concluded that bagasse fly ash, 
which is a waste from sugar mill 
bagasse fired boiler, can be a potential 
substitute for activated carbon. The 
process 	will 	be 	more 	attractive 	in 
integrated 	sugar 	mill 	paper 	mill 
complex. 
Mall et al. (2001) Bagasse fly ash, 




2, 4 dictiloro 
phenol 
Batch The practical applicability of bagasse 
fly ash and rice husk fly ash in batch 
operations 	and 	various 	parameters 
such 	as 	effect 	of 	contact 	time, 
adsorbent dose, 	pH, 	etc. 	has been 
studied. 	The 	removal 	of 	2,4 
dichlorophenol shows first order rate 
expression and equilibrium adsorption 
data suited well for both Langmuir 
and Freundlich isotherms. Economic 
evaluation of BFA and RI-IFA with the 
AC shows that their use will be viable. 









PBC was found effective for removal 
of COD from pulp & paper mill 
effluent in the polishing stage. 
Mehrotra and 
Dwivedi (1988) 
Raw rice husk, 
raw bone 
powder, burnt 
rice husk, burnt 
Bone powder 
and human hair 
Chromium (VI) Batch 
studies 
• Rate of sorbents was found to be 
highest at pH-2 for all sorbents 
tried. 
• Of all the adsorbents tried, hair 
and burnt rice husk exhibit good 
sorption 	capacity. 	However 
effectiveness is at low pH only. 
• The 	slope 	obtained 	from 
freundlich for hair chromium (VI) 
system at pH-2 and initial Cr(VI) 
concentration 	of 	12,500 	micro 
gram per litre gives a very steep 
slope meaning that 	oit is very 
useful 	for 	column 	adsorption 
operation. 
Nag et al. (1999) Chemically 





95 % removal of chromium and 68 % 
removal of arsenic achieved. 
P. Nageswara 











Batch Treatment using powdered activated 
carbon, 	chemical 	oxidation 	by 
hydrogen peroxide and ozone have 
been carried out. It has been found 
that of the three methods, adsorption 
using activated carbon 	is the most 
effective method for the treatment of 
the effluent under investigation in the 
laboratory. 














Adsorption process can effectively be 
employed for removal of dyes from 
water and waste water 
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spent  wash 
Batch The colour removal was found to be 
18% 	only 	with 	untreated 	effluent 
sample. However, on pre treatment 
with polyelectrolyte as a flocculating 
agent, the colour removal drastically 





Cr(VI) Batch and 
column 
studies 
• Peat exhibit acidic properties in 
solution and is effective adsorbent 
for Cr(VI), 
• Best results are obtained in the 
pH range 1.5-3.0.At very low pH 
Cr(VI) reduces to Cr(III), which 
is poorly adsorbed 
• The kinetic batch reaction rates 
are 	such 	that 	a 	reasonable 
residence 	time 	seems 
necessaryfor a complete treatment 
of . chromium in peat 	column. 
Chromium 	is 	adsorbed 	more 
rapidly and more efficiently when 
lower concentrations are used. 
• An increase in temperature from 
25 to 40 °C almost double the 
maximum adsorption capacity. 
• The Cr (VI) adsorption on to peat 
is a chemisorption reaction and 
the peat —Cr (VI) bond is so 
strong that 1 M NaOH treatment 
of metal 	laden-peat 	could 	not 
release more than 50 % of the 
total 	adsorbed 	metal. 	The 
exhausted 	peat 	would 	require 
disposal through incineration. 








Impregnated sawdust can be used for 
the removal 	of phenols. 	Adsorbent . 
material can be used repeatedly three 
times 	after 	regeneration. 	The 
impregnated sawdust is superior to the 
non-impregnated sawdust, on account 
of its affinity for ligands. 
Singh and Tiwari 
(1997) 
Carbon slurry Chromium Batch 
studies 
Excellent 	adsorptive 	properties 	for 
removal of Cr (VI) 














This 	adsorbent 	exhibits 	good 
adsorption properties for chromium, 
mercury 	& 	lead 	and 	reasonably 
significant 	uptake 	of 	copper 	and 
molybdenum. 















• The 	adsorbent 	is 	effective 	for 
removal of phenolic waste. 












Sawdust appears to be promising 
adsorbent for Cu 	(H) 	removal 
from industrial wastewater. 
The rate of Cu (II) adosrption on 
sawdust (mg/g*100) is very high 
initially and maximum adsorption 
take place within 1 hr of mixing 
and decreases markedly from 2 to 
6 hr. 
Removal of Cu (II) is found 4.4 
mg/g 	for 	higher 	copper 
concentration of 50 mg/1 and 0.16 
mg/1 at adsorbent quantity of 5 g/1 
in solution. 
• Isotherm data of Cu (II) sorption 
can 	be 	modeled 	by 	both 
Freundlich 	and 	Langmuir 
isotherms. 
• Maximum removal occurs at 7.3 
pH. 
• Column study indicate that it is 
effective in copper removal. It is 
found that nearly 80% removal 
takes place in 50 cm adsorbent 
column. 
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Chapter - 5 
ADSORPTION FUNDAMENTALS 
5.1 BASIC CONCEPTS 
When two phases, at least one of which is liquid or gas, come into 
contact, the composition of these phases close to the phase boundary will 
differ from the composition observed in regions distant from the boundary i.e. 
within the bulk of the phases. This will occur even though the phases may be 
in equilibrium. This increase in concentration in the region where the phases 
are in mutual contact relative to the concentration in the bulk of the phase is 
called adsorption. Conversely, a concentration decrease may be observed in, 
for example, solution of electrolytes. This phenomenon is called negative 
adsorption. The phase in the surface of which a substance from the other 
phase accumulates is termed the adsorbent and the adsorbed substance is 
called the adsorbate. 
Penetration of particles of one phase deep into the other phase, 
resembling dissolution to some extent is called absorption. This process may 
also be accompanied by adsorption, if the particles are irregularly distributed 
around the phase boundary the majority being concentrated close to the 
phase boundary. In cases where absorption is combined with adsorption the 
process involved is most often called sorption. 
Adsorption is said to be mono molecular when only one layer of 
particles (molecules, atoms or dissociated fragments) is involved, when 
adsorbate concentration may vary over a large distance from the phase 
boundary the multi-molecular adsorption is involved. 
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Adsorption may be either physical or chemical. The latter is also known 
as chemisorption, depending on what process cause the adsorption. In 
physical adsorption the electron cloud of the substance adsorbed interacts as 
a whole with the adsorbent and only its polarisation occurs. In chemisorption, 
on the other hand, electron transfer and sharing of electrons (formation of a 
new molecular orbital) takes place between the adsorbate and the adsorbent 
as in the case of normal chemical compounds. Different thermal effects 
accompany these two types of adsorption. When adsorbed particles are able 
to migrate along the adsorbent surface, mobile adsorption is involved. When 
migration does not occur, adsorption is said to be immobile. Sometimes 
catalyst is also used. 
Physical adsorption is independent of the nature of the adsorbent 
surface, covering surfaces of rather different chemical character with roughly 
equal numbers of layers at the same pressure. At temperature close to the 
boiling point of the adsorbate, physical adsorption is reversible. The 
molecules do not dissociate on physical adsorption. Physical adsorption takes 
place without any activation energy and its rate should always be proportional 
to the first order of pressure. A comparison between physical adsorption and 
chemical adsorption is given in table 5.1. 
Table 5.1: Comparison of Physical and Chemical Adsorption 
S. No. Physical Adsorption Chemical Adsorption 
1 Heat of adsorption = 5 kcal/ mole Heat of adsorption= 20-100 kcal/ mole 
2 Adsorption only at temp less than Adsorption can occur even at higher 
the boiling point of the adsorbate temperature 
3 No Activated Energy involved in 
the adsorption process 
Activation Energy may be involved 
4 Mono and multi layer adsorption Almost mono layer adsorption 
30 
Quantity adsorbed per unit mass is 
high i.e. entire surface is 
participating 
Extent of adsorption depends upon 
the properties of adsorbent. 
Rate of adsorption controlled by 
resistance mass transfer 
Quantity adsorbed per unit mass is 
low i.e. only active surface sites are 
important 
Extent of adsorption depends on both 
adsorbate and adsorbent 





5.2 ADSORPTION PRACTICES 
Adsorption systems are run either on batch or on continuous basis. 
Following text gives a brief account of both types of systems as in practice. 
5.2.1 Batch Adsorption Systems 
In a batch adsorption process the adsorbent is mixed with the solution 
to be treated in a suitable reaction vessel for the stipulated period of time, 
which dependsoon the kinetics of adsorption. Agitation is generally provided to 
ensure proper contact of the two phases. After the equilibrium is attained the 
adsorbent is separated from the liquid through any of the methods available 
like filtration, centrifugation or settling. The adsorbent can be regenerated and 
reused depending upon the case. 
5.2.2 Continuous Adsorption Systems 
In continuous flow systems the solution to be treated is passed through 
a bed of adsorbent, which is either fixed, moving or fluidised state. These 
columns may be used in several stages if necessary. Continuous counter 
current columns are generally not used for waste water treatment due to 
operational problems. Fluidised beds have higher operating costs. In certain 
cases the column may also function as filter bed retaining suspended solids 
entering with the feed. 
31 
5.3 INTRA-PARTICLE DIFFUSION PROCESS 
The rate of adsorption is determined by the rate of transfer of the 
adsorbate from the bulk solution to the adsorption sites. This process can be 
broken conceptually into a series of consecutive steps 
1. Diffusion of adsorbate across a stationary solvent film 
surrounding each adsorbent. 
2. Diffusion through the pores to the immediate vicinity of the 
internal adsorbent surface 
3. Adsorption at an appropriate site 
It is assumed that the third step occurs very rapidly in comparison to 
the second step. If the system is agitated vigorously, the exterior diffusion film 
around the adsorbent will be very thin, offering negligible resistance to 
diffusion. So it can be assumed that the main resistance to adsorption shall lie 
in the pore diffusion step. Weber and Morris while referring to the rate limiting 
step of organic materials uptake by granulated activated carbon in the rapidly 
mixed batch system propose the term "intra-particle transport" which 
comprises of surface diffusion and molecular diffusion. Several researchers 
have shown that surface diffusion is the dominant mechanism and is the rate 
determining step (Allen et al., 1999; Gupta et al., 1990; Singh et al., 1988). A 
functional relationship common to most of the treatments of intra-particle 
transport is that the uptake varies almost proportionally with square root of 
time. 
5.4 ADSORPTION EQUILIBRIA 
Adsorbate molecules are simultaneously adsorbed and desorbed from 
the adsorbent surface. At equilibrium the rate of adsorption equals that of 
desorption. This equilibrium is of dynamic nature in the sense that the state of 
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equilibrium changes with the change in the several parameters. Equilibrium 
behavior is best described by isotherms of adsorption. As the name indicates 
an isotherm is a plot of amount of solute adsorbed per unit amount of 
adsorbent against the corresponding equilibrium concentration in the solution 
phase, temperature remaining constant. Vital conclusions can be drawn from 
these isotherms, which are useful in the designing of adsorption systems. 
A number of isotherm equations have been proposed like Freundlich, 
Langmuir, Brunnauer-Emmett-Teller(BET), Redlich-Peterson, Toth, and 
Radke-Prausnitz etc. Out of these the Freundlich and Langmuir isotherm 
equations have been widely used by many researchers. These two equations 
have satisfied the data for various organic contaminants and conventional or 
unconventional adsorbents. 
5.4.1 Langmuir Isotherm 
The Langmuir isotherm is based on the following assumptions: 
Only mono layer adsorption is possible. 
1. Adsorbent surface is uniform in terms of energy of adsorption. 
2. Adsorbed molecules do not interact with each other. 
3. Adsorbed molecules do not migrate on the adsorbent surface. 
Langmuir isotherm is obtained from a kinetic derivation of equilibrium 
between condensation and evaporation of adsorbed molecules. This gives 
qe qm.KA.Ce 
1+ K A.Ce 
where, qe is the amount of adsorbate adsorbed per unit amount of adsorbent 
at equilibrium; Ce the concentration of adsorbate solution at equilibrium; KA 
the adsorption coefficient (a measure of the adsorption energy) and qm the 
amount of adsorbate adsorbed per unit amount of adsorbent required for 
mono layer adsorption (limiting adsorbing capacity). 
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The above equation can also be written as 
1 	1 	1 	/ 1 
qe = qm KA-gm Ce 
The constants KA ,qm can be evaluated from a plot between 1/qe and 1/Ce 
which gives a straight line. 
5.4.2 Freundlich Isotherm 
The Freundlich isotherm is expressed as: 
qe = KF C 1/11  
Where, KF is the adsorption coefficient, which is a measure of adsorption 
capacity or fundamental effectiveness of the adsorbent. It is directly related to 
the standard free energy change. Empirical constant 'n' is a measure of the 
adsorption intensity. The model can be linearised logarithmically as : 
log qe = (1/ n) log Ce + log KF 
Thus a plot between log qe and log Ce is a straight line. 
A high KF and high 'n' value is an indication of high adsorption 
throughout the concentration range. A low KF and high 'n' indicates a low 
adsorption throughout the studied concentration range. A low 'n' value 
indicates high adsorption at strong solute concentration. 
5.4 FACTORS CONTROLLING ADSORPTION 
The amount adsorbed by an adsorbent from adsorbate solution is 
influenced by a number of factors as given below. 
5.4.1 Nature of Adsorbent 
Both the physical state and chemical nature of adsorbent is important. 
Adsorbent differs in their specific surface area and affinity for adsorbate. 
Adsorption capacity is directly proportional to the exposed surface. For the 
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non-porous adsorbents, the adsorption capacity is inversely proportional to 
• the particle diameter whereas for porous material it is practically independent 
of particle size. However, for porous substances particle size affects the rate 
of adsorption. For substances like granular activated carbon the breaking of 
large particles to form smaller ones open up previously sealed channels 
making more surface accessible to adsorbent. 
Pores may be characterized according to their sizes. Macropores have 
specific areas in the range of 0.5 to 2 m2/g. though their contribution to total 
adsorption is inappreciable, they play a vital role in making the internal parts 
of the particle available for adsorption. Pores having specific area in the range 
of 20-40 m2/g are known as transitional pores and adsorb relatively large 
molecules or particles of colloidal nature. For micropores the concept of 
specific area is not important, as the mechanism of adsorption is one of the 
volume filling rather than the layer to layer filling for macro and transitional 
pores. 
5.4.2 pH of Solution 
The surface charge as well as the degree of ionization are affected by 
the pH of the solution [Elliot et al., 1981). Since the hydrogen and hydroxyl 
ions adsorbed readily on the adsorbent surface the adsorption of other 
molecules and ions is effected by pH. It is a common observation that a 
surface adsorbs anions favourably at low pH and cations in high pH range. 
5.4.3 Contact Time 
In physical adsorption, most of the adsorbate species are sorbed on 
the adsorbent surface with in an initial contact time. The uptake of adsorbate 
is fast in the initial stages of the contact period and becomes slow near 
equilibrium in physical adsorption most of the adsorbate species are 
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adsorbed within a short interval of contact time. However, strong chemical 
binding of adsorbate with adsorbent requires a longer contact time for the 
attainment of equilibrium. Available adsorption results reveal that the uptake 
of adsorbate species are fast at the initial stages of the contact period, and 
thereafter, it becomes slower near the equilibrium. In between these two 
stages of the uptake, the rate of adsorption is found to be nearly constant. 
This may be due to the fact that a large number of active surface sites are 
available for adsorption at initial stages and the rate of adsorption is a function 
of available vacant site. Concentration of available vacant sites decreases 
and there is repulsion between solute molecules thereby reducing the 
adsorption rate. 
5.4.4 Initial Concentration 
A given mass of adsorbent can adsorb only a fixed amount of 
adsorbate. So the initial concentration of adsorbate solution is very 
important. The amount adsorbed decreases with increasing adsorbate 
concentration as the resistance to the uptake of solute from solution of 
adsorbate decreases with increasing solute concentration. The rate of 
adsorption is increased because of the increasing driving force. 
5.4.5 Temperature 
Temperature dependence of adsorption is of complex nature. 
Adsorption processes are generally exothermic in nature and the extent and 
rate of adsorption in most cases decreases with increasing temperature. This 
trend may be explained on the basis of rapid increase in the rate of desorption 
or alternatively explained on the basis of Le-Chatelier's principle. 
Some of the adsorption studies show increased adsorption with 
increasing temperature. This increase in adsorption is mainly due to an 
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increase in number of adsorption sites caused by breaking of some of the 
internal bonds near the edge of the active surface sites of the adsorbent. 
5.4.6 Degree of Agitation 
Agitation in batch adsorption is important to ensure proper contact 
between the adsorbent and the solution. At lower agitation speeds the 
stationary fluid film around the particle is thicker and the process is external 
mass transfer controlled. With the increase in agitation this film decreases in 
thickness and the resistance to mass transfer due to this film is reduced and 
after a certain point the process becomes intra-particle diffusion controlled. 
Whatever is the extent of agitation, the solution inside the pores remains 
unaffected and hence, for intra-particle mass transfer controlled process 



















































































Batch studies have been carried out for heavy metal (Cr(VI), Ni (Ii), 
Zn(II) ) bearing synthetic waste water using carbon slurry as an adsorbent. 
The characterization of the industrial waste water from phenol-formaldehyde 
plant, polyester industry and for sugar industry were carried out. COD removal 
experiments were also performed for above stated industrial wastes. 
6.2 ANALYSIS OF TYPICAL INDUSTRIAL WASTES 
Wastewater samples from phenol-formaldehyde resin plant, polyester 
industry and from sugar mill were characterized for BOD, COD, DO, 
suspended solids, dissolved solids, total solids, pH, turbidity, and chlorides. 
Further COD removal was also studied, after the adsorption on carbon slurry. 
6.3 ADSORPTION STUDIES 
Dry carbon slurry (CS) has been used as an adsorbent in the present 
investigation. Carbon slurry has been obtained from National Fertilizer Limited 
(NFL), Panipat, Haryana, India. 
6.3.1 Characterization of Adsorbent 
The physico-chemical characteristics of the adsorbent were determined 
using standard procedures as discussed below. 
6.3.2 Proximate Analysis 
Proximate analysis of the adsorbents was carried out using the 
procedure as per IS 1350:1984. 
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6.3.3 Density 
Bulk densities of carbon slurry and was determined by using MAC bulk 
density meter. 
6.3.4 Particle Size 
Particle size analysis of the carbon slurry was made using standard 
sieve analysis as per IS 2720 (Pt 4): 1985. 
6.3.5 X-ray Diffraction Analysis 
X-ray diffraction analysis of carbon slurry has been carried out by using 
Phillips (Holland) diffraction unit (Model PW 1140/90), using copper target 
with nickel as filter media, and K radiation maintained at 1.542 A. Goniometer 
and chart speed were maintained at 1° min"' and 1 cm min'', respectively. 
6.3.6 Scanning Electron Microscopy (SEM) 
SEM analysis of carbon slurry was carried out by using LEO 435 VP 
Scanning electron microscope. 
6.4 ADSORBATE 
Synthetic wastewater solutions of different concentrations (5-50 ppm) 
were prepared of Chromium (VI), Nickel (II), Zinc (II) by using Potassium 
Chromate (K2Cr04) and chlorides of Nickel and zinc (AR grade). Industrial 
wastewater samples were obtained from Phenol-formaldehyde resin plant, 
polyester Industry and sugar Industry. 
6.5 	Analytical Measurements 
The determination of the concentration of Chromium (VI) was done by 
finding out the absorbance at characteristic wavelength Xmax of Cr (VI) using 
both spectrophotometer (Perkin Elmer Lambda 35) and Atomic Adsorb 
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Spectroscopy. Standard solutions of Chromium (VI) were taken (5 ppm to 
15 ppm) and spectra was scanned. For each concentration max. absorbance 
was obtained at kmax 540 nm. Calibration curve was plotted between 
absorbance and solution concentration. The linearity of calibration curves 
indicates applicability of the Lambert-Beer's Law. This standard calibration 
curve was used for the determination of residual concentration of Cr(VI). 
Figure 7.4 represent the calibration curve thus obtained. The Cr(VI) was also 
determined through atomic adsorption spectroscopy. 
Determination of residual concentrations of Nickel (II) and Zinc (II) were 
carried out only on Atomic Adsorption Spectroscopy. All the experiments for 
the determination of different concentrations of Nickel (II) and Zinc (II) were 
carried out by direct aspiration into air acetylene flame. Calibration curve for 
nickel (II) and zinc(II) is given in Fig. 7.12 and Fig. 7.19, respectively. 
6.6 EXPERIMENTAL PROGRAMME 
Experiments were carried out for the study of removal of heavy metal 
bearing wastewater and for the treatment of different industrial effluents as 
stated below. 
6.6.1 Removal of Heavy Metals 
To study the effect of important parameters like adsorbent dose, 
contact time, initial metal concentration batch experiments were conducted for 
the removal of Cr(VI), Ni(II) and Zn(II). For each experimental run 50 ml of 
synthetic wastewater of known concentration was taken with known amount of 
carbon slurry in a 100 ml stoppered conical flask. Synthetic wastewater 
samples of Cr(VI) were prepared by taking known amount of K2CrO4 it 
distilled water and these samples were agitated in a temperature controllec 
shaking water bath. The temperature was maintained at 30 ± 1°C. sample: 
were withdrawn at appropriate time intervals. After filtration, the characteristic 
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colour of Cr(VI) was developed using N-N, di-methyl di-carbazide. The filtrate 
solution was analysed for remaining concentration of Cr(VI) on 
spectrophotometer (Perkin elmer lambda 35) at 540 nm wavelength. Solutions 
for Ni(II) and Zn(II) synthetic wastewater were prepared using chlorides of 
zinc and nickel (AR grade). These samples were agitated with known amount 
of carbon slurry, samples were withdrawn at appropriate intervals and 
analysed for residual concentration by atomic adsorption spectroscopy. For 
adsorption isotherms, metal solutions of different concentration were agitated 
with known amount of carbon slurry till equilibrium was achieved. For optimum 
amount of adsorbent per unit mass adsorbate [Cr(VI) 1  50 ml synthetic 
wastewater was agitated with different adsorbent doses (CS) till equilibrium 
was attained. Residual concentration of Cr(VI) was then determined. 
6.6.2 Treatment of Industrial Effluents 
For the study of the effect of adsorption by carbon slurry on COD of 
phenol formaldehyde resin plant waste, samples of different initial COD were 
agitated with known amount of carbon slurry till the equilibrium was attained 
and residual COD of the filtrate was determined. Equilibrium isotherms were 
plotted. Percentage COD reduction was studied for different samples of 
polyester industry waste and sugar industry waste using 1 g of carbon slurry 
as adsorbent for 6 hrs. 
Table 6.1 : Operating range for Cr(VI), Ni(II) and Zn(II) for estimating 
concentration from calibration curve 
Sr. No Sample Equation of calibration curve Operating range 
1 Chromium 
(VI) Y=0.1848x 
0 < x < 50 
2 Nickel (II) Y=0.0301 x + 0.0582 0 < x < 50 
3 Zinc (II) Y= 0.1868x 0 < x < 50 
Here x = concentration in ppm; Y= absorbance. 
Chapter 7 
RESULTS AND DISCUSSION 
7.1 GENERAL 
The detailed discussion on the results of the experiments conducted is 
given in this chapter. These results include 
1. Characterization of carbon slurry. 
2. Characterization of wastewater from phenol-formaldehyde resin 
plant, polyester plant and sugar mill. 
3. Batch adsorption studies 
• For adsorption of individual metals from synthetic 
wastewater. 
• For competitive adsorption of metals in multi-cationic 
aqueous solution. 
• For removal of COD from industrial waste. 
7.2 CHARACTERIZATION OF ADSORBENTS 
Carbon slurry (NFL, Panipat, Haryana) has been used as an adsorben 
in the present investigation. Characteristics of adsorbent (CS) used include 
bulk density, particle size, proximate analysis and chemical analysis. For the 
structural and morphological characteristics, X-ray diffraction and scanning 
electron microscope analysis were also carried out. 
Physico-chemical characteristics of carbon slurry are given in Tat 
7.1 & 7.2 and the particle size distribution is given in Table 7.3. 
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The scanning electron micrograph of carbon slurry shows very fine 
particle size in order of micron and a less porous structure, however due to 
smaller particle size adsorptive surface area is high. 
X-ray diffraction pattern of carbon slurry shows presence of silica 
compounds like Si02 and CaSiO3. The other peak may be due to the 
presence of A1203 & Fe203. d-value characteristics of these compounds are 
given in Table - 7.4 . 
7.3 CHARACTERIZATION OF INDUSTRIAL WASTE 
Experiments on wastewater samples from three different industries 
phenol formaldehyde resin plant, polyester plant and sugar mill have been 
carried out in current study. These waste have been characterized for their pH, 
turbidity, total solids, suspended solids, dissolved oxygen, BOD, COD and 
chlorides. Table 7.5 shows the characteristics of the three wastes. The COD of 
the waste from phenol-formaldehyde resin plant may be due to high 
concentration of phenols and other chemicals in the wastewater sample. For 
the determination of phenols in the wastewater a calibration curve was plotted 
which is shown in Fig. 7.26. 
7.4 	BATCH ADSORPTION STUDIES 
Batch adsorption studies for removal of heavy metals from synthetic 
solutions of individual metal ions and from multi-cationic solutions of known 
concentration have been carried out. The removal of COD from different 
industrial wastes has also been studied. 
7.4.1 Batch Adsorption Studies for Metals 
Detailed adsorption studies have been conducted for the removal of 
chromium (VI), Nickel (II) and Zinc (II) from synthetic wastewater samples 
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having known concentrations of these metal ions. Effect of various operating 
parameters, viz. concentration, adsorbent dose and contact time has been 
studied. Competitive adsorption of these metal ions has been also studied 
and presented along with these results. 
7.4.1.1 Effect of Adsorbent Dose 
The effect of adsorbent dose (CS) on removal of chromium (VI) is 
shown in Fig. 7.5 and the results are tabulated in Table A-2. It can be seen 
from the figure that the percentage removal increases up to a certain limit and 
then it remains almost constant beyond the dose of 1.0 g of carbon slurry. For 
larger concentration of adsorbent the adsorption sites are more and the 
adsorbate molecules have to travel considerable distance in order to reach 
these sites. So no effect does it make on further increase in adsorbent dose. 
7.4.1.2 Effect of Contact Time 
The contact time between the pollutant and the adsorbent is of 
significant importance in the wastewater treatment by adsorption. A rapid 
uptake of pollutants and establishment of equilibrium in a short period 
signifies the efficacy of that adsorbent for its use in wastewater treatment. 
Figure7.6, 7.13, & 7.20 for Cr(VI), Ni(II) and ZN(II) respectively show 
the effect of contact time on their removal from the synthetic wastewater 
solution of known initial concentration. The results are shown in Table A-3, 
A-10 and A-17 respectively. It is found that rate of removal is very rapid 
during initial 30-45 minutes and thereafter it starts decreasing and there is no 
significant change after 300 minutes. This can be explained on the basis of 
the fact that a large number of vacant surface sites are available for 
adsorption during the initial stage, and after some time, the remaining vaca 
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surface sites are difficult to occupy due to repulsive forces between the solute 
molecules of the solid and bulk phases. 
7.4.1.3 Effect of Initial Concentration 
A given mass of adsorbent can adsorb only a fixed amount of 
adsorbate. So the initial concentration of adsorbate solution is very important. 
The amount adsorbed decreases with increase in adsorbate concentration as 
the resistance to the uptake of solute from solution of adsorbate decreases 
with increase in solute concentration. The rate of adsorption is increased 
because of the increasing driving force. 
The effect of initial concentration for removal of chromium (VI), Nickel 
(II) and Zinc (II) is shown in Fig.7.7, Fig. 7.14and Fig. 7.21 and the calculated 
values are given in Table A-4, A-10,A-18 respectively. From the figures, it is 
evident that percentage removal decreases with the increase in initial 
concentration of adsorbate solution. 
7.4.1.4 Kinetics of Adsorption 
Kinetic modelling of removal of heavy metals by carbon slurry has 
been carried out by using Iagergren model. (Mall et al., 1996; Kumar et al., 
1995). 
qe — q  = exp(—kt) (qe — q) / qe = exp( - kt) 
(le 
where qe = Amount of adsorbate adsorbed at equilibrium, mg/g 
q = Amount of adsorbate adsorbed at time t, mg/g. 
k = Adsorption rate constant, min-I 
t = Time, min. 
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This equation can also be expressed as 
log(qe - q) = logqe - —k t log (qe-q) = logqe - kt / 2.303 
2.3 
The plot of log (qe - q) against time is shown in Fig. 7.8, 7.15, 7.22 for 
chromium (VI), Ni (II) and for Zinc (II) respectively and the results are 
tabulated in A-5, A-12 and A-19. The straight-line plot shows the validity of 
Lagergren equation. 
The correlation coefficients (R) obtained after fitting experimental data 
to Lagergren equation are given in Appendix-A23. This follows that 
adsorption kinetics can fairly be assumed to be of first order. Table 7.6 gives 
the value of adsorption rate constant (K) for different adsorbates with carbon 
slurry. 
7.4.1.5 Intra-particle Diffusion Study 
A functional relationship commonly used to describe the intra-particle 
transport is the plot between mass of solute adsorbed per unit mass of 
adsorbent (q) and square root of contact time (e.5). The linear nature of the 
plot shows that the controlling mechanism for adsorption is intra-particle 
diffusion (Allen et al, 1989). These plots for chromium (VI), Nickel (II) and 
Zinc (II) are shown in Figs. 7.11, 7.18 and 7.25, respectively and the results 
are tabulated in A-8, A-15 and A-22. The plot of qe versus t" is found to be 
linear for a wide range of contact time for all the three metal ions 
chromium (VI) , Nickel (II) and Zinc (II). The correlation coefficients (r) for 
fitting the experimental data to straight line are given in A-23. Thus indicating 
that controlling step is intra-particle diffusion. The values of intra-particle 
diffusion rate parameters (in mg g-1  min-05) are given in Table 7.8. 
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7.4.1.6 Adsorption Isotherm Equations 
Various isotherm equations have been used to describe the 
equilibrium nature of adsorption. Some of these equations are Freundlich, 
Langmuir, Redlich-Peterson, Radko-Praunitz and Toth equations. Out of 
these Freundlich and Langmuir isotherm equations are widely used by 
researchers in the field of environmental engineering. The Freundlich 
isotherm is represented by the following equation ; 
qe = KF Ce1/n 
which can also be written as 
logqe = fog KF + 
The Langmuir isotherm is represented by the following equation 
q„, K A Ce 
ge = 
1+ KA Ce 
Which can also be written as 
1 
cle 
I 1 ( 1 \  
clin KA Ce 
Fig. 7.9, 7.16 & 7.23 give the plot of log qe for Cr(VI), Ni(II) and Zn(II) 
and corresponding results are shown in A-6,A-13, A-20. Fig. 7.10, 7.17 are 
the plots of of 1/qe Vs 1/Ce for Cr(VI), Ni(II) and Zn(II) and corresponding 
results are shown. Langmuir isotherm was found applicable in all cases 
studied. The experimental data fairly fit the straight line as shown by 
correlation coefficients (r) given in table A-23.. 
The values of parameters for Freundlich and Langmuir isotherms are 
given in Table 7.7. The value of separation factor or equilibrium constant RL 
which is defined as RL = 1/(1 + bCi) (where C, is initial concentration and b is 
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Langmuir constant) indicates the nature of adsorption as (Foust, S. D. and 
Alay, 0. M., 1986) 
RL 	> 1 	Unfavourable 
RL 	= 1 	Linear 
0 < RL 	< 1 	Favourable 
RL 	= 0 	Irreversible 
The values of RL for Cr(VI), Ni(II) and Zn(II) are also given in 7.7 the 
value of RL is found to be less than 1 for all the three metals so adsorption 
using carbon slurry is favorable. The values of 1/n were also found to be less 
than 1. So, it again proves adsorption to be favourable. 
7.4.1.6 Competitive Adsorption for Multi-Cationic Solution 
50 ml synthetic wastewater sample10 ppm of each of chromium (VI), 
Nickel (II) and Zinc (II) was taken in 100 stoppered conical flask and 1 gm of 
carbon slurry is added to this. It was agitated in a temperature controlled 
shaking water bath at a constant temperature 30 ± 1°C for 6 hrs. Removal of 
chromium (VI), Nickel (II) and Zinc (II) in competitive environment are 
reported in Table 7.9. 
7.4.2 Batch Study for the Removal of COD from Industrial Wastewater 
The most important criterion in the quality of wastewater is COD. This 
parameter receives more attention while designing any waste treatment 
plant. Waste samples of different initial COD from three different sources are 
treated and the effect of adsorption on COD is studied. 
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7.4.2.1 Phenol Formaldehyde Plant Waste 
A typical industrial wastewater from above mentioned industry was 
taken and diluted to form solutions of varying initial COD. Removal of COD 
was studied using carbon slurry as adsorbent. Percent removal thus 
observed was plotted against initial concentration (Fig. 7.27). Equilibrium 
data was plotted to see the applicability of Freundlich and Langmuir 
isotherms given in Fig. 7.28 and Fig. 7.29, respectively. The values of 
adsorption parameters are given in Table 7.12. The straight line obtained 
shows the applicability of both the isotherms. The value of 1/n as well as RL 
was found to be less than 1. So, we can say the adsorption prove to be 
favourable. 
7.4.2.2. Polyester and Sugar Industry Waste 
Treated and untreated combined waste from polyester plant was 
treated with carbon slurry and removal of COD was measured. About 67% 
and 81% COD removal was observed for untreated and treated wastewater 
respectively. It also shows that percentage removal is high in case of low 
concentration effluent. 
Combined waste water from a sugar mill was also treated with carbon 
slurry and about 86.4% COD removal was adsorbed. Complete removal of 
colour could also be seen. 
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Table 7.3 : PARTICLE SIZE ANALYSIS OF CARBON SLURRY 
(NFL, PANIPAT) 










Average particle size : 419.22 micron 
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Table 7.4 : XRD analysis 
Formula Used : 2dsin0 = nA. 
X=1.544, n = 1 
Sample : Carbon Slurry (NFL, Panipat) 
20 d 
25.0°  3.56 
42.0°  2.15 
Table 7.5 : Characterization of different Industrial waste 
Sr. 
No. 
Characteristic Polyester Waste Phenolic 
Waste 
Sugar Industry 
Waste Untreated Treated 
1 pH 7.1 7.5 5.45 5.08 







45 30 - 1130 
4 Dissolved 
solids (mg/I) 
765 490 - 100 
5 Turbidity 
(NTU) 
- - 29.2 166 
6 DO (mg/I) 1.6 4.8 0.25 2.1 
7 COD (mg/I) 440 147 184000 308 
8 BOD5 (mg/I)  220 40 12985 255 
9 Chlorides 
(mg/I) 
- - 2.5 - 
10 Phenols (ppm) - - 5000 - 
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Table 7.6 : Adsorption rate constant K for adsorbent (carbon slurry) in 
aqueous solutions of Cr (VI), Ni (II) and Zn (II) 
from Lagergren equation. 
Sr. No. Adsorbate Lagergren contant K(min-1) 
1 Chromium (VI) 0.2056 
2 Nickel (II) 0.8214 
3 Zinc(II) 0.1127 
Table 7.7 : Isotherm parameter for different adsorbate-adsorbent system 
and separation factor RL 











Cr (VI) 0.7825 1.7191 3.2573 0.2056 0.0101 
Ni (II) 0.4045 4.0420 0.8288 0.8214 0.0386 
Zn (II) 0.3756 1.9829 2.3392 0.1127 0.0140 
Table 7.8 : Intra-particle diffusion rate parameter k from Weber-Morris plot 
Sr. No. Adsorbate k (mg g-1  min-115 ) 
1 Chromium (VI) 0.0208 
2 Nickel (II) 0.0739 
3 Zinc(II) 0.0108 
Table 7.9 : Results obtained on treating multicationic aqueous solution 









Cr(VI) 10 1.2 88 
Ni(11) 10 5.8 42 
Zn(II) 10 4.0 60 
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Table 7.10: COD removal for polyester plant waste using carbon slurry 
Sample COD (mg/I) before treatment 
COD (mg/I) after 
treatment % Reduction 
Polyester plant 
untreated waste 
224 74 67 
Polyester plant 
treated waste 
132 24 81 
Table 7.11 : COD removal for sugar industry waste using carbon slurry 
Sample COD (mg/I) before treatment 
COD (mgll) after 
treatment % Reduction 
Sugar industry 
sample 
300 42 86.4  
Table 7.12: Isotherm parameter for different adsorbate-adsorbent 
system and separation factor RL 
Adsorbent Adsorbate Freundlich 
Isotherm 
Langmuir Isotherm 
RL KF 1/ (mg/I)-n n 
qm 









_0.717 10.752 0.332 319.68 142 x 2. 10-3 
Table 7.13: Effect of adsorption by carbon slurry on phenolic wastes of 
different initial COD 
Sr. No. Initial COD (1x103 mg/I) % decrease in COD 
1 135 4.50 
2 108 5.60 
3 81 7.29 
4 54 10.90 
5 27 21.70 
6 10 49.16 
7 5 52.70 
8 1 65.00 
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Fig. 7.1 : Photographs of Carbon slurry (NFL, Panipat) 
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Fig. 7.5: Effect of adsorbent dose on removal of Cr(VI) 
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Fig. 7.6: Effect of contact time on removal of Cr(VI) 
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Fig. 7.10: Langmuir Isotherm for removal of Cr(VI) 
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Fig. 7.12: Calibration Curve of Ni (II) 
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Fig. 7.18: Weber-Morris plot for the removal of Ni(II) 
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Fig. 7.21: Effect of initial concentration on the removal of Zn(II) 
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Fig. 7.22 : Lagergren plot for the removal of Zn(II) 
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Fig. 7.23: Freundlich isotherm for the removal of Zn(II) 
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Fig. 7.24: Langmuir isotherm for the removal of Zn(II) 


























Fig. 7.26: Calibration curve for phenol 
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Fig. 7.27 : Effect of initial concentration (COD) on removal of 
COD from phenol formaldehyde resin plant waste 
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Fig. 7.29: Langmuir isotherm for removal of COD 
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Chapter 8 
CONCLUSIONS AND RECOMMENDATIONS 
8.1 CONCLUSIONS 
The following major conclusions drawn from the present work are given 
below : 
• Surface area of carbon slurry was found to be 358.3 m2/g which 
shows that carbon slurry can be good adsorbent as surface area 
of commercial activated carbon is also in this range. 
• SEM studies reveal that carbon slurry shows very fine particle 
size in the order of micron. 
• X-ray Diffraction studies of carbon slurry indicate presence of 
CaSiO3, A1203, MgO, CaO. 
• Percentage removal of Cr(VI) was found to increases with the 
adsorbent dose upto certain optimum dose after which no 
appreciable removal was found. 
• Removal of Cr(VI), Ni(II) and Zn(II) was found to be rapid in 
initial stages of adsorption followed by slow adsorption upto 
saturation. 
• Percentage removal of Cr(VI), Ni(II) and Zn(II) decreases with 
increase in their initial concentration. 
• In competitive adsorption, Cr(VI) is readily adsorbed in 
comparison to Ni(II) and Zn(II). 
• Carbon slurry is found to be very good adsorbent for the 
removal of Cr(VI), Ni(II) and Zn(II). 
• Percentage of COD removal increases as COD of waste 
decreases. COD removal to the extent of 86.4%, 81% and 65% 
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was found in polyester, sugar mill and phenol formaldehyde 
waste respectively. 
• 100% colour removal has been observed in the case of sugar 
mill effluent. 
• Kinetics of removal follows first order rate expression 
• Equilibrium data confirms applicability of Freundlich and 
Langmuir isotherm equations. 
• Weber and Morris plot reveals that the pore diffusion is the rate 
controlling step. 
• Carbon slurry has shown excellent adsorptive characteristics for 
the removal of heavy metals and COD for different wastewater 
samples. 
8.2 RECOMMENDATIONS 
• Although some preliminary studies are carried out for 
competitive adsorption of heavy metals in this work, a detailed 
study should be carried to explore the treatment of wastes 
containing number of heavy metal species, as these metals 
preferentially adsorbed in multi-cationic solution. 
• Costing of adsorption based industrial scale treatment system 
be carried out to popularize the adsorption technique with 
carbon slurry. 
• Carbon slurry has shown an excellent adsorptive characteristics 
for the removal of heavy metals and COD from different waste 
water samples. 
• Carbon slurry can be used as a suitable for the treatment of 
industrial waste water. 
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APPENDIX - A 
Table A —1 : Calibration curve for Chromium (VI) 
Sr. No. Concentration (ppm) Absorbance  
1 1 0.2215 
2 2 0.4403 
3 3 0.6261 
4 4 0.9411 
5 5 1.1257 
6 6 1.2018 
7 7 1.4316 
8 8 1.5091 
9 9 1.6701 
10 10 1.8853 
11 11 2.0145 
12 12 2.1655 
13 13 2.3465 
14 14 2.5143 
15  15 2 .6504  
Table A — 2 : Effect of adsorbent dose on removal of Cr (VI) 
Sr. No. Adsorbent Dose (g) % removal 
1 0.1 46.5 
2 0.2 49.0 
3 0.3 55.0 
4 0.4 72.6 
5 0.5 86.5 
6 0.6 90.4 
7  0.7 91.3 
A-1 
Table A - 3 : Effect of contact time for removal of Cr(VI) for different 





























0.084 1 15 58.37 0.146 32.47 0.162 11.25 
2 30 65.53 0.164 34.22 0.171 13.91 0.104 
3 60 72.52 0.181 41.09 0.205 30.50 0.228 
4 120 79.26 0.198 59.40 0.296 47.60 0.357 
5 180 82.87 0.207 75.13 0.376 70.39 0.528 
6 240 87.16 0.218 	. 86.10 0.435 85.05 0.638 
7 300 91.78 0.226 90.35 0.452 89.85 0.674 
8 360 91.96 0.227 91.09 0.455 90.79 0.681 
Table A - 4 : Effect of initial concentration on removal of Cr (VI) 
Using CS (1.0 g) 
Sr. No. Initial 
Concentration 
(ppm) 
% removal Amount adsorbed/ Amount 
of adsorbent (mg/g) 
1 5 91.96 0.2270 
2 10 91.43 0.4571 
3 15 91.09 0.6831 
4 25 89.79 1.1224 
5 30 87.08 1.3062 
6 40 85.41 1.7082 
7 50 76.44 1.9110 
Table A - 5 : Lagergren Plot for removal of Cr (VI) 
Sr. No. Time (min) Log (qe-q) 
1 15 -0.491 
2 30 -0.504 
3 60 -0.517 
4 120 -0.747 
5 180 -1.004 
6 240 -1.398 
7 300 -1.721 
A-2 
Table A - 6 : Freundlich Isotherm for adsorption of Cr (VI) 
Sr. No. Initial Concentration 
(PPM) 
Log Ce Log qe 
1 5 -0.3958 -0.6440 
2 10 -0.0670 -0.3399 
3 15 0.1260 -0.1655 
4 25 0.4070 0.0501 
5 30 0.5884 0.1160 
6 40 0.7661 0.2325 
7 50 1.0711 0.2813 
Table A - 7 : Langmuir Isotherm for adsorption of Cr (VI) 
Sr. No. Initial Concentration (ppm) 1/Ce Vcie 
1 5 2.4875 4.4052 
2 10 1.6686 2.1877 
3 15 0.7482 1.4639 
4 25 0.3918 0.8909 
5 30 0.2579 0.7655 
6 40 0.1713 0.5854 
7 50 0.0849 0.5233 
Table A - 8 : Weber-Morris intra-particle diffusion plot for removal 
of Cr (VI) 
Sr. No. Time (min) Timeu2 
(min)"2 
Amount of Cr (VI) adsorbed per 
unit weight of adsorbent (mg/g) 
1 15 3.87 0.1515 
2 30 5.48 0.1623 
3 60 7.46 0.1711 
4 120 10.95 0.2970 
5 180 13.42 0.3756 
6 240 15.49 0.4305 
7 300 17.32 0.4567 
Table A - 9 : Calibration for removal of Ni (II) using AAS 
Sr. No. Concentration (ppm) Mean absorbance 
1 2 0.1174 
2 4 0.1802 
3 6 0.2376 
A-3 
Table A — 10: Effect of contact time on removal of Ni (II)[10ppm] 
using CS (1.0g) 
Sr. No. Contact time ( min) . 	% removal 
1 15 74.83 
2 30 77.23 
3 60 79.84 
4 120 84.02 
5 180 88.76 
6 240 90.26 
7 300 90.29 
Table A — 11: Effect of initial concentration on removal of Ni (II) 
using CS (1.0g) 







1 10 1.319 86.81 
2 20 6.633 66.83 
3 25 10.962 56.15 
4 30 14.847 50.51 
5 40 21.861 45.34 
Table A - 12 : Lagergren plot for removal of Ni (II) 
Sr. No. Contact time (min) Log (qe-q) 
1 15 -0.955 
2 30 -1.025 
3 60 -1.097 
4 120 -1.162 
5 180 -1.212 
6 240 -1.503 
Table A — 13 : Freundlich Isotherm for adsorption of Ni (II) 
Sr. No. Initial Concentration 
(PPrn) 
Log Ce Log qe 
1 10 0.1202 -0.363 
2 20 0.8217 -0.175 
3 25 1.0398 -0.153 
4 30 1.1716 -0..121 
5 40 1.3390 -0.042 
A-4 
Table A — 14: Langmuir Isotherm for adsorption of Ni (II) 
Sr. No. Initial Concentration (ppm) 1/C. 1/cle 
1 10 0.758 2.304 
2 20 0.151 1.497 
3 25 0.091 1.424 
4 30 0.057 1.324 
5 40 0.045 1.103 
Table A —15 : Weber-Morris intra particle diffusion plot for removal 
of Ni ill) 
Sr. No. Time (min) Time"2 
(min)"2 
Amount of Ni (II) adsorbed per 
unit weight of adsorbent (mg/g) 
1 15 3.87 6.98 
2 30 5.48 7.15 
3 60 7.46 7.26 
4 120 10.95 7.43 
5 180 13.42 7.51 
6 240 15.49 8.01 
Table A - 16 : Calibration for removal of Zn (II) using AAS 
Sr. No. Concentration (ppm) Mean absorbance 
1 0.5 0.0928 
2 1_0 0.1940 
3 1.5 0.2757 
Table A - 17: Effect of contact time on removal of Zn (II) [10ppm] using 
CS (1.0 g) 
Sr. No. Contact time (min) % removal 
1 15 64.5 
2 30 73.0 
3 60 74.0 
4 120 83.0 
5 180 88.5 
6 240 93.5 
7 300 93.7 
A-5 
Table A-18: effect if initial concentration on removal of Zn (II) 
using CS (1.0g) 






% removal mg Zn(II)/ g of 
CS 
1 10 0.62 93.78 0.469 
2 20 4.40 78.00 0.780 
3 25 6.03 75.88 0.948 
4 30 8.32 72.26 1.084 
5 40 11.85 70.38 1.407 
6 50 18.65 62.71 1.567 
Table A - 19; Lagergren plot for removal of Zn (H) 
Sr. No. Contact time (min) Log (qe-q) 
1 15 -0.9550 
2 30 -1.0250 
3 60 -1.0974 
4 120 -1.1647 
5 180 -1.2118 
6 240 -1.5030 
7 300 -2.0315 
Table A — 20 : Freundlich Isotherm for adsorption of Ni (II) 
Sr. No. Initial Concentration 
(PPm) 
Log Ce Log qe 
1 20 0.6434 -0.1079 
2 25 0.8007 -0.0229 
3 30 0.9201 0.0350 
4 40 1.0737 0.1484 
5 50 1.2705 0.1952 
A-6 
Table A - 21 : Langmuir Isotherm for adsorption or LH 1111 
Sr. No. Initial Concentration (ppm) 1/Ce 1/qe 
1 10 1.6077 2.1326 
2 20 0.2272 1.2820 
3 25 0.1658 1.0543 
4 30 0.1202 0.9225 
5 40 0.0844 0.7105 
6 50 0.0536 0.6379 
Table A - 22 : Weber-Morris intra particle diffusion plot for removal 
of Zn (II) 
Sr. No. Time (min) Timev2  
(min)1/2 
Amount of Ni (II) adsorbed per 
unit weight of adsorbent (mg/g) 
1 15 3.87 0.3225 
2 30 5.48 0.3650 
3 60 7.46 0.3700 
4 120 10.95 0.4150 
5 180 13.42 0.4425 
6 240 15.49 0.4575 
7 300 17.32 0.4685 
Table A - 23: Correlation coefficient ( r ) for fitting experimental data to 
straight line for Lagergren plot, freundlich isotherm, Langmuir isotherm 
and Weber-Morris intra particle diffusion plot 











Cr (VI) 0.951 0.99 0.9538 0.9712 
Ni (II) 0.9076 0.9783 0.9499 0.8937 
Zn (11) 0.9076 0.9753 0.9889 0.9712 
Table A - 24 : Calibration for determination of phenol 
S. No. Concentration (ppm) Absorbance 
1 1 0.125 
2 2 0.230 
3 3 0.350 
4 4 0.500 
5 5 0.600 
A-7 
Table A-26: Freundlich Isotherm for removal of COD from 
Phenol- formaldehyde resin plant effluent 
Sr. No. Log qe Log ce 
1 -0.5185 5.1103 
2 -0.5199 5.0083 
3 -0.5302 4.8756 
4 -0.5316 4.6822 
5 -0.5346 4.3251 
6 -0.5767 3.7396 
7 -0.8013 3.4544 
8 -1.3767 2.6580 
Table A-26: Langmuir Isotherm for removal of COD from 
Phenol- formaldehyde resin plant effluent 
Sr. No. 1/qe 1/ce 
1 3.300 7.756 x 10-6 
2 3.311 9.808 x10-6 
3 3.330 13.316 x 10-6 
4 3.401 20.786 x 10-6 
5 3.425 47.301 x 10-5  
6 3.773 182.126 x 10-6 
7 6.329 351.185 x 10-6 
8 23.809 2197 x 10-6 
A-8 
